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BATTELLE MEMORIAL INSTITUTE

INDUSTRIAL AND SCIENTIFIC RESELDROCH

COLOMBUS 1, OHIO

D

January 9, 1950 RESQRIQTED

Dr. John Dessauer

The Haloid Gompary
Rochester 35 New Yiork

Dear Dr. Déssauer:

7le are enclosing 56 copies of Quarterly Progress
Report No. 6 o6n Continuous-Torie “lectronhotOﬁraphy
This report covérs work for the three-month perised from
September 15, 1949; to December 15, 1949.

A marked improvement in the quality of contin-
uous-tone pictures, produced by powder-cloud techniques,
has been achieved, This improvement is Gue principally
to the use of plates with thicker selenium coatings - -
combined vith particular care to prevent overchargln

A spray~development technique has been dévised

‘which produces the best pictures produced to date . by

electrophoto ;raphy s
B The vrork for the néxt quarter will be cong cntﬁatéﬁ'
on getting specific engineering data to enable the camera

de31cn to bn conpleted in detail.

Very truly yourss

022’/ L 5 WW&%

Levris E. Talkup
Assistant Superv1sor )
Grapnic Arts Research Division

LiL[sswr

Enc.
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QUARTERLY PROGRZSS REPORT NO., 6
(September 15, 2949, to December 15, 1949)

on
CONTINUOUS=TONE ELECTROSTATIC'ELECTRQGRAPHI
to

THE HALOID CCL:PANY

(Subcontract Ynder Signal CJorps Prime ‘Contract
No. "36-039 s¢-35851)

(Department of the Ar:iy Project: 3-99-04=052)

(Signal Corps Project: 195 B)
- )
R+ H. Schaffert, D« T. Williams,; and L. E. #alkup

OBJECTIVE OF RESELRCH: To cvolve an electrostatic electrographic
' system capable of reproducing continudus-
tone nhotogranhs.,

BATTELLE MEMORIAL INSTITUTE >

December 15, 1949
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QUARTERIY PRC-RESS RIPORT No. 6
(September 15, 1949, to December 15, 19L9)

on
CONPINUOUS= TONE “LmC”Q@STuTIC LLQCTQEééXPHY
to
THE HALOID CCLPANY

(Subcontract Under Signal Corps Prime Contract
No. #36=039 sc-—36851)

(Department of the Army Project: 3-99-04~052)

by
45 Dv Te Williams, and L. E. 7aIkop

December 15, 1949
Smmmny

- This report covers éxperimentél Wé;k on continuous~-tone electro-
photograplyy from Septembeér 15, 1949, to December 15, 19L9.

A decided imprévehent in tha,quality of continuous-tone images
‘developed by the powder-cloud technique has been achieved. It consists
priﬁarily in a great reduction in the orainﬁness of the powder déposit
and an almost comoTet@ elimination of powdev~deflclent spots in the prints.
This improévement in both arain and nowder-free areas is attributable to

three factors: (1) a control of potential durlng sensitizing the plates

BATTELLE “"-MORIAL INSTITUTE
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so as not to evercharge them, (2) the usé of plates with thicker
sel&nium Gééfings-which can accépt & Zreater charge without breakdown,
and (3) a genefal improvement in powder-cloud deveéloping téchniques., .
The study of particle-size distribution in powder=cloud -dévelop-
ment. work has been continued. It shoﬁé that particle size in the
deposited powder i§ dependent enm the moisture content of the powder,
excess moisture cdusing coarser graih or Mtreeing'. It alse shaws that
the average particle size in thé deposit does not gonbeiow three mierons

1y, - ey

-every though the pewrder Has originally been ground much finer.
Jork on gray-scale exposures of selenium plates has yiélded
valuable information about the dependence of platé voltate on plate

éxposure. Using this infermation, a definite plan has been worked out

for ¢reling the voltage of the dévélopment grid during powder-~cloud

development. This development-gria cycling slould make po§§ibIe a much:
rnoré faithful tonal rendition.than has been obtainable to date.

A spray-development technique has been developedrﬁhich-prgduces
prints having the finest texture and best tonal gradaticns yet attained
in thé\electféphotographic.proCess,

A smoke cloud containing~vépbrized dye has been used to develop
continuous-tone images. Thoqgh these Prints ére—of very low contrast,
the grain texture and resolution are vely-good;

ﬁﬁrk vas initiated on adhesive transfer and fixing of electro-
phoiégraphip prints. The best results were obtzined using gelatin-

coated photesraphic paper.

‘BATTELLE MEMORIAL INSTITUTE
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It was found that bHrass is much supérior to 2SH 14 aluminum as

a backing-plate material, It gives risé to slower dark-decay rates and

- greatly detreases the tendency of plates to ﬂorm.powdéf~dé£igientwareas.

Plates. using phesphors as the photésensitive glément have been
prepared and tested. Though prints made with these pia%eg‘do\not hQVe
the fine grain quality how 6bﬁainabiéifiﬁh_seleniumﬁCOated plates, the
plates do6 have fair speed and give reasonable image quadity. They also

offer potentialities for providing a gréater variety of spectral

" sensitivities thar selenium plates. Pictures of comparable spééd and

quality have been pﬁoduéed both by the Carlson (charge before exposing}

and the Iallman (eXpose before charging) methods.

The emphasis of work on thié project has been changed from general
EiEeny
as they now stands This should provide themﬁgta negeded Yy the camera-

design engineers o prepars arawings for a practical eéleétrophotographic

()

camera.

FUTURE .JORK

All work for théfnext quarter will be directed, in so far as is
practicable; toiiard obtaining:the specific information still required by
the camera designers. This consists, with regard to plates: themselves,
in determining the optimunm thickness.oﬁ selenium to be used, and in
determining the decay and fatigue characteristics of these plates. Work

will also be done Yo [ind the optimum plate-preparation temperature.

RESTRICTED
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yith regard to plate sensitization, future work will consist in determin—

ing the bést plate potentiail and the corona and potential-control-grid

voltages t0 Udew. -

Lindts of exposure will Be set up for several exposure cenditionsg.
The final design of a powder=cloud box will be fixed and its most
effective reométry determined. ‘-_I-'hrié includes development-grid-wire
diameter and spacmg , and the spacing between the zrid and the plate..
Recommendations vill be made i7iith rezard to voltaze cyeling on the grid,
as well. o 7
The study of -adhesive transfer and fizzing iill combinue ad out-

lined in this repor:t. o 1.

Some: further work will also be done with spray development along

operation.

Ilore phospher plates 1'@13: be made for the purp,é_s—e of_ éetting_
engineéring~type information oh best methods, best thickness, best
phesphor-to-binder ratio, ete. Only those phosphiors which havé been .

used to date will be studied.

PUBLICATIONS AND REPORTS

:Q.None- )

T,:_ ST
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LXPERIITENTS ON CORTINUQUS-TONZ DEVELOPQENT

~ (P: G. Andius, 8« J. Czyzak, D, L. Fausér, R. B. Landrigan,
De Réynolds, E. Ricker, and R: Tom)

- Production of Gray Scales viish the Powder -€leud

a—— ¥ e

tone reproductions with high contrast. The tonal rendition is non-lineéar, |

howevér, the middle and lighter tones being developed to a higher
contrast than the darker toqes_ The reason fof this was found to be that;,
while density_pf povider deposited is substantially proportional to plaite
potential, the podotential décay of an exposed platec is not proportioqal
to subject density. The decay is more nearly a linear fuﬁetioé~of
‘exposune , ovar émﬁiaé'range.'_. 7 - S

A cqrrectioﬁ for this lack of contrast in the higher density area
.Gan be effected by means of the development-control grid. The use of
this grid has been Cescribed in Quarterly Progress Report. No. j,rpage
292, Thareibtas stated that development of any partidular plate area could
bé stopped by applying to the grid a potential equal to or greafer’than
the potential which exists on the particular area. Actually, powder
deposition is not completely stopped by this potential, but nearly =o.
The procedure for correcting the lack of contrast in high—density areas
is as followss after sufficient contrast has deveidggéfzgfﬁhe middieé
and light-tone areas, thé grid potential is increased to sﬁch a point as
to almost completely stop development of these niddle= and light~tone

areas. The darker areas will then continue to be developed.

BATTELLE MEMORIAL INSTITUTE
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It was not possible t6 correct thé non-linear contrast by simple
trial and é%ror methods. It was necessary to break the.probiem into two
parts. These consisted of (1) determining the relation between subject
density and potentidl on the expcsed elcctrophotographic plate, and (2)
determining the relation between potéhtial on a surface,ahd the anount
of powder deposited on it.

In determining thé relation betwreen subject density and plate
potential; the charged plate was first exposed in a camera to a gray
scale. The densities on this gray scale ranzed from zevo té I.7. The
potentials on the expesed plate corresponding to the gray=scalé steps
were then measured on the point-probe electrometer (described on page 519
of this report). A plot of potential versus subject density is shown

in Figure 1L0,

the abscissa. Kenny flash lamps were used and curves. are drawn for
three different stop opehings of the lens. The curve fér f-5.6 is drawn
as gradually sloping to the origin, rather than intersecting the density
axis at somec value of<a6nsity other than Zerb. Though the data ég not
distinctly indicate this choice as the proper one,.knoﬁledge that
practically all plates have very slow light;decay characteristics near
zéro potential make it the most ;ikély onee.

The £~11 curve in Figure 1LO gives an indication of the relative.
exposure for highlights and shadows. For the plate tested, the relatlive
exposure is about 50 to l. The curves for £-5.6 and f-32 show over

exposure_and under exposure.

Corresponding relative-intensity values arc included along |

BATTELLE MEMORIAL INSTITUVE
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The effect of different intensities is given in figure 14O, both
by the intensity axis and by goifig from one curve to another, A
comparison of voltaze drops causecd by a decreasing subject dens1ty'w1th

voltage dreps caused by a change in stop opening (at conistant subject

density ) gives an indication of ihe rellability of the data; though the

curves checked in this way aré not completely selfconsistent, they do
givé valuable information on latitude of éxposure.

In determining the relation between potential on a surface ard

the amount of powder deposited on it, the develonmentrtesﬁ platé-was used. 1

The use of suech a plate was descéribed in Cuarterly Progress Report No. 5,
pages LOL-U06. A new development-test plate was made for the work

reported here. This plate differed from the original only in the size

- -and spacing ¢of-the difforent sectiens. Varions wvoltages were applied to

—La ~

various. areas on the plate durlng development. A transfér of the deposit-
ed powder to'white paper was made and the densities of thé different
areas were measurcd on a reflection densitometer. The curvés in Figg@§§

3

1k and T2 show ‘the rclation between powder deposited (and transferred.)

to botential on the arca. Reproductions of the povrder deposit transferred

frbm the test plate arc also shown in Fizures 14l and I42. Figure L1
covers a potential range frem zero to L25 volts, with 25 volts on the

evglopment~control grid. Figure 142 covers a potential range up to 80
volts, writh 51 vqlts on the grid. Note that the cufve for the shorter
potential range does not show zero density for a p¢;£e potential equal
to the. grid potential. This is dué to the presence of uncharged and

negatively charged particles in the space betiween the plate and the grid.
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This éffect is shown particularly well in Figu¥e 1h3, in which a
rélétively high 7rid veltiage was used. Here, a difference in concentra=-
tion of positivély and Aegatively charged povder particles is demonstrat-
éd by the differcnce in the slope of the twalsécinns‘of the curve, The
change in slope oé&éurs approximately at the point where the grid
potential equals the plate potential.

- The folloving informatien results from & study of the curves in
Figures 140, 141, 1h2, and T43.

L: The relation between éﬁbject density and plate poténtial

after cxposure is not linéar over most of the dcﬁsity range. This rMeans
that, since the density of povider deposited (and transferred) is

essentiall proportioned to the plate potential, a true reproduction by

linearity in the dcvelopment step. However, the curves are nearly linear
over a short dénsity range, from zero to 0.6. It has not yet been
'establiéﬂ;d what degree of non-linearity gapfﬁg tolerated in producing a
satisfactory print. C | -

2 It Sﬁodl@ be possible to cecmpensate fer the pqtential—deggyl
chafactcrisbicsfby varying the potential on the devclopment-control grid.
On the plate used for these tests, it appears that the maximum.density
range atbteinable is from zéro to about 1.5 unless a development-grid
poteﬁtial ¢ycle is uscds.

ThiS'quk was carried oul using glass bead-Alj developer

(approximate ratio — 15 to 1) in the motor-driven,compartmented developing

box. A potential-control srid was used for charging the plate in the

R E ST R ! CTE D | » ' BATTELLE MEMORIAL INSTITUTE
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sxperiments slowing the relation of piate potential to sibject densitys
Thesc data are the result of comparative tests on only ong plate. They

are to be taken only as representative of the type of results one can

expect and should not be considered as quantitatively representativeé of

most platcs. .

Potcntial Gycling on Devélopment Grid

It has becn lmown for séme time that electrophotography &oes not
produce a truc represeﬁtatién-éfréh‘6riginéi gray §éa1e iﬁiﬁhe final
print when develepment is done with a single potential on the developmerit
agrid throuzhout the development period. It has alse becn suspected that,
if the potential on the development grid viére cycled during devolopment.;
;-mh-ﬁéwb»iptubmvﬁmd—a~ﬁé§si+v sealé miich

poy 2= SUYIilS SRS tn S gt et LaE

closer to the density séale of the original subjecct. The following is -

a basic cxplanction of th this is true and of ;;é method Wwhich would be

- o axTive at the potential cycle o BE used on the development gride..
For this andlysis, it is &ssumed that the powder WhiéhvdchSits

on a plate does not alter the potential on the plate; and that the

denolty wiatch -deposits, on a given area of the print (imagc) is proportion-

al to the potential of that area.

The calculation 48 started with the data given in plots 4 and B
of Figurc 1Lh. (all further referznces in this section will be made to
the three plots in this Fipgurc.) PLot A ~ives the potential of the
clectrophictozraphic plate as a function of the optical density of the

original to which it was exposed. This plot is not a straight line,

e
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since péienttial decay im nearly a sitraicht-line function with exposure
rathc? than optical dcasity in the original. (Density varies inversely
as the logarithm of the. exposife. ) Plot B shows the §tiaight-line
rclationship bedween potential on the electrophotographic plate and: the
optical density of the final print for various times of developmenty 7 to
tgs This_reiationship would have t6 be detecrmined by experiments on
actual platvess. Inough is known about this relatienshin, howeve§¢ to
show that it agrees reasonably well with the curves given.

From the dati de§cribed above, it is desired to specify a
development cycle which will give a density séale in the final print as
closely as possible equal to the density scale of the original. This
derived function is to be produced in Plot C as the caleulation

Progressces. T L o S -

AS the first step in the calculation, it is secn that the curve
in Plot A can be reascnably well renrescnted by a §traight line up to a
point corresponding tb-a density Dy, and a potential Py« Density D, is

then marked off on the abscissa of Plét C. If the final print is t6 be

a true rcpresentation of the original, then this point sﬁohid/;orrcspdhd
to a density of Dy on the final print and it can be so marked on Plot C.
Furthermore, the dashed line on Plot C is-the line which we would like
fo'foildw for thc‘wholc'relationship of density of origiral to density of }

the finished printe.

Next, the value of potential Py aﬁd‘bbe’value of D, (same as d,

1)
is marked on the appropriate axes of Plot B. These two values determiné
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devzloping for a time Ty, it will be necessary to take other values on

image on the plate will be rcpreésented by Gurve 1 on Plot C. For the

—)48 h:..

a point on this plot and this poifit detcrmines the proper development
time, T, required to achieve this relationship of density and potential.
At the same time this one point is being developed, the other
density areas -of the platé are also being developed. These areas will
generally have oﬁti:cai densities from Zero up to some value between one
and two, oh the conventional scale. To find the densitics resulting from |
the seale of densitics 6f the original and rcpecat the calculation outTined
above to ‘gc‘(: additional points on the curve. In calculating thesé
additienal points on curve I, it will be neccssary, of course, to use the
same development time, Tl,ias was arrived at in the original calculation.

B

At the end of this first development period, thé"cien,s_ity ‘of the.

sccond period of the development oycles it will be necessary to raise the 2
potential on the devclopment grid to the vailue 'Pl’ Whén this is done, it
is assumed that there will be no further develepment in 3Ry areas -on the
plate which have potentials lower than ']?.l.a These .areas are -nox-}: -completely
dévclcsped.

For the sccond peried of the development cycle, the value Dy is
selected so that the curve in Plot 4 and Curve I in PLlot C arc both
reasonably well represented by s'traight lines betireen the values Dy and
D2. Now, to bring the density of the print up to the desired straight
line in Plot C for density Dy, it will be necessary to add to the image an
increment of density equal to aqe VWhen the development grid is raised’

to the potential Py, then the area corcesponding to Dy will have an

Eae
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cffective potcntial of by. These twe values can bo marked off on Plot B
and the nceecssary devclopmgnﬁ time T2 determined for the sccend period
of thé devilepment cycle. When this sccond development period is
completed; the final density 6f the print corresponding to the original
density of Dp will fall on the desired straiéht Iiné. The rest of Curve
2 on Plot C can be drawn by clﬂésing othetr values of origihal density
and carrying them through the calculation involving Plots 4 and B. In
each casc, the value of T2 is used .on Plot B.

Anrcxteﬁsioﬁ of ﬁhe process outlined zbove can mskée Bétter and

betber appro:imations to the straight line desired between original and

final density. Hbﬁbvor, it is belicved that from three to five values

of developnent-s;rid potential shouwld be sufficient for praétical purposes. °

devel opment cycle ecan be modified in actual practiéc,-depénding on the
nature of the functions finally determined in Plots A and B« It may even
be possible to write out differcntial equations afid solve them for the
ideal developaent cycle. On ihefothor hand, it may be moéré practical to
determine the development cycle frém purcly cmpirical tosts_éh the
processe

In any casc, the development qrele will be détermined only once
for a particular combination of plate, total e:posure, and developmenﬁ'
operation. It 1dll) not be necessery to repeat the pr;cess for each |
picturc nadec.

fctual anplication of the method outlined above indicates that

practical valucs of development time result,

y *
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Control of Graininess ix Prints liade
) by _Powder=Cloud Development

Cnc of tho cutstandinig deficcts of corbinuous-tone electrophoto-
graphy has been the graininess of the prints: This defect can posksibly'
be attributed to one or more of the followings:

1. Nonuniform initial plate potential.

2, Différent rates of light and dark decay on different small
greas «of the -_jpla’c,g‘ - - -

3e UncVen depésition 6f pewder on the plate a5 & vesult of the
dovelopment process itself (i.e., such as thie trecirig effect of the
povder ). L -

Onc test for the first point above, nonuniformity of potential
on the plates is te make .I the nlate surface slizhtly -@%}—”‘194@91’1@1}_95@-@-533
This. willl tend to equalize local poténtial differences. Slichtly
conducting mixturcs of Glo-Coat ifak Polish* plus Ar.qua(_i""?" s Sunoco. Auto

TRYAYS

Polish™™ plus glycerine, and Smoco Auto Polish plus Arquad or Glass Tlax™ o
will accompiish this. These coatings apparently allow someé Surface
conduction, thus producing a morc uniféim initial »otential on the

plate. Thoy also may causc the plate to discharge miere uniformly and

allow surface conduction aft.r exposurc to give a mere uniform image

" potential. In this way, it was possible to produce giay-scale areas

equal in grain quality to the grays produced on the development-test

platc. Images produced by this methed lacliad definition, however.

¥* S. C. Johnson and Son, Inc., dacinc, Jisconsin.
#3% Armour and Cempany, Chicago, Illinois.
Wk Sunoco 0il Company s Philadelphia, Pemnsylvania.

1t Gold Scal Company, Bismarck, North Dakota.
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‘Figure 1L5 shows two prints made using Plate Number 9=6-l9-As
Beth-prlntSAwere prepared in the same manner, using p@sihiVergghsitiza-
tion and éontact exposure. Print 1L5-A is representative of prints
produced on the plate after it had been coated with Glo-Coat floér wax
plus Arquad. Print 1i5=B is Fépresentative oi' prints produced before
the plate was coated.

It was found that grairin

e

potential to which the plate 1$ charged is held to some value Weil below
the maximum wich the plate can—accept. T“ls control of plate potpntlal
tan be accomplished using a potential-control charging grid as described
in Quarterly Progress Report No. 5, pages W14-L17.

A plate whieh has never been subjected to bréakdown voltages from
an open-wiré corona charging unit will shew good zrain quality through
the use of fhe potential—controi grid. However, a plate which has beén

subjected to Bréalidevm poiéntials will not show so miuch iaprovement in
‘ _ _ ch dap

grain -quality when charged with the potential-control arid. An example
of this is given in Figure 1Lh6. Figure 1L6-A is a gray scale made with
the first charsing to which the plate was ever subjected; Flgure lhé-B
was made after the third charging; and Figure 1L6-C was made after the.
fourth charging. The potential-control grid was used on the first and
féurth chargings (146-A and 146=GC), and opén corona wires were used for
the second and third chargings (Figure 1&643}: It is apparent that the
open-wire charging has causéd damsge to the plate which the potential=-
coritrol grid cannot correct. Purther subjection to open-wire charging

will damaze the plete still more. The improvement in grain quality

et s ot

ss of prifts cah also be reduced if the |
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brought ébout by the potential-tontrol grid is always much imore
- .f‘ 3 — it [
pronounced in thé& denser areas of the prints.
The effect of the powder itself on grain texture Is Somparatively

slicht. ‘This is discusséd in the followving section of this report.

Particle=Size Distributien in Povider Clouds

Summary of Results

In Quartérly Progress Report Nos 5, page 412, it was recommended
that the following factors be evaluated bafore any measurements could be
made, to determine tlié effect of particle size on continuous-tone
quality: (a) Effect of moisture on particle-size distribution; (b) h
type of cloud'deposit_produced by a powder whose composition consists
_ﬁgﬁéinly of one-micron particles; (¢) type of cloud debposit producédfbi
powder-carrier clouds; anc (d), since clouds are knovm to possess ggggtiVéQ;:
positive, and uncharged particleés, the predominant polarity should be
determined.

An investigation of'the'above—mentidned ﬁgciorslwas macde. It
was observed that, of three powders examined [Alj (wet), 41j (c&ry), and
Alj fines (dry)] using both the development-test plate and a selenium
plate, the Alj fines (dry)gave the most uniform deposit and smooihést
particle distribution (Figures Lh7-B and 148). This distribution differs
considerably from that of the pcowder before béing Used to generate a
cloud (Fizure 1h7-A). From Figures 148, 149, and 150, it can be seen

that the *treeing" effect is eliminated when dry powders are used.
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/ . PARTICLE -SIZE DISTRIBUT!ON |
- IN POWDER BEFORE
wbER_ GENERATING CLOUD.

40¢5"

FREQUENCY OF PARTICLES

200

- FINES. DRY
. 1 B

bRy PARTICLE-SIZE DISTRIBUTION

320

: IN POWDERS DEPOSITED ON|
i PLATE. ,"
240—+ :

FREQUENCY OF PARTICLES

0 =510 BE) 20 25 30
PARTICLE SIZE, MICRONS

FIGURE 147 PARTICLE-SIZE DISTRIBUTIONS IN POWDER
"SAMPLES. A- BATCH ~
B-DEPOSITED FROM CLQOUD
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SELENIUM PLATE

O VOLTS A D i 67103

FIGURE 148. POWDER-CLOUD DEPOSITION OF Alj-FINES DRY POWDER
ON DEVELOPMENT-TEST PLATE AND SELENIUM PLATE
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FIGURE 14S. POWDER -CLOUD DEPOSITION OF Alj-DRY POWDER
ON DEVELOPMENT -TEST PLATEZ AND SELENIUM PLATE
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SELENIUM PLATE

57 VOLIS A

FIGURE 150. POWDER-CLOUD DEPOSITION OF Aij-W

o

ET POWDER
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ON DEVELOPMENT-TEST PLATE AND SELENIUM PLATE
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Tests on the polarity of cloud showed that polarity was dependent
both upen the mamer in which the cloud was produced and thé moisture
content of the powder. In these tests, the cloud was created using the
motor~driven, compartmented, deVeloping BoX. The polarity vas mostly
negative (3:1) for the Alj finés (dry) povider. The goid had ro efféct
on the polarity of the cloud, and clouds' deposited from yret powders wére

Py

nore negative than thode of dry powders.

Expermental “jork on Cloud-Partlcle Studles

Samples were taken from Alj powders and A1) fines. ‘The powders
weére prepared as described in Quarterly Progréss ‘Ré?‘éf‘ﬁ Nos 5; page LOT
and the Appendix. The Alj fines and part of the Alj sample were dried
in a vacuﬁm oven at 60°C. for four days. They were then transferred to
a vacuum desiccator until ready for usé. The other part of the &L
saniple vras placed in a humidity chamber for four hours at 75 per cent.
relative humidity before using..

Powvder clouds of the aboéeve Samples were created by using theé
motor-;drﬂven, compartmented box (for details, see Quarterly Progress
Report No. 5, pase 101L) and v-refe deposited on selenium Flate 10-3-h9A
and the development-test plate. The :pl atées for both the wet and dry
powdér-cloud tests rere cl-e,aane,d- and vacuun dried in a vacuum oven at
60°C. 'ar}d‘ kept in a vacuum desiccator until ready for use. On the
development~test plate, the cloud was deposited oh the metal areas Which
were maintained at the following approximate potentials: 0, 60, 100,

160, 215, 275, 300, and 350 volts. The selenium plate (10~ 3 LoA) was

N T

O

Ry,

uJ

T
%
0
_—'
7r1rs
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exposed in a camera to a gray scale and then developed. After the
development-test platé and the selenium plate had been developed, they
were -examined under a :stereoscopic micrescope at & magnifi@étion of LO%
and a monocular microscope at a magnificaiion of 50X and 150%. The
particle size and distribution were deterrined fiom the microscopic
sxamination. For each powder and plate, approximately 1000 particles
were observied. TFrom these counts, the data in Fifure T@?, parts A and B,
were plotted. In addition, micro= and macrophdoiographs: were talien,
~ste.of wiich are shown in Figuresh8, 149, and 150. The cloud deposit
from all piaies Waé giécﬁroéﬁétiéalgg transferred and fiﬁédiéﬁ pa*éf-
which had been preViousiy wacuum: dried.

In the experiments on polarity of the various powder clouds., the
folléwing pracédurezfor(fesﬁing was employed. The apnaratus is shovm
in Figure 151, A bell jar with a narrow opening at the top vas used.
‘Through thisngpgning,tWQucopper wires were inserted,on the ends of which
were suspendéd two copper electrodes (2-1/2 x 1-1/2_x /6l inchés). The
other ends of the CODPEr Wwires were connectéd to. the batbtery to maihtain
the electrodesat a potential difference of 180 volts (+90 volts and =90
volts)s The bell jar rested on a wooden frame<%o permit the opening
(9-l/2 inches in diameter) at the bottom of the jar to be sufficiently
high to allow the various ¢loud genérators to be inserted. The
elcctrodes were suspénded one inch above the bottom opening of the jar.
They were carcfully cleangd, weighéd,'dnd dried before using, After
each test, the electrodes were immediatcly weighed and the ratio of

positive to negative determined. The data in Table LO show the results

under various conditions.
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Digcussion of Croudw-Farticle Experiments

From the photographs in Figures 148, 1L9, and 150, it can be

T seen that the treeing effect i85 Virtually climinabed when dry powders

are used. The deposits from each of the three powder c¢clouds on the
development plate are unifo¥m regardless of the powder7used, i.c.s wet
or dry (sec Figure 148, plates 4, B, and C; Figuré ILJ, plates A, B, and
C; and Ficuré 150, plates A, B, and C). Tads, however, s not the case
for the deposits on selenium platés;_Where a great number of powder-
deficient areas are obsorved. The 413 fines {dry) deposit on the
selenium plate, hile not ontirely deveid of powder-deficient arsas, is
definitely finer textured than-deposits f&bnrﬁn other powders. The
powderedeficiegt;areas-ﬂér'the tfines" are,on the average,at least an
ordér of masnitude smaller. The distribution curves of the three typés
of depositcd.powder show a great predominance of particle sizes in the

three-micron range, Figure 147, part B. The curves for the powders

before deposition, Figuré 17, part A, show maxima at 0.8 microns for the -

Alj fines and 3.0 microns for the Akj. " The sighificant differences
between the two sets of curves (Figure 147, parts A and B) are: (a)
The maximum in the Alj fines powder has shifted from 0.8 microns to 3.0

micfbné,'(ﬁ) in ehe casé of the AlJ powders, the maximum has not been

altered, and (c) smaller maxima appear alb the larger particle sizes for -
the wet Alj powrder. These secm to be real rath3r~than.a~peculiarity of
the statistical method of counting or preparing the data.. There is no
good explanation for the appearance of these smaller masxima..

IS
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At the present timeé, no fundamental, information is available to
explain the faet that particle-size distribubions arc so ncarly the same

in the powder depusit when they are so different before the cloud is

| created, Thé two possibilities stated in the Zast Quartcerly Report, ises

aggregation and sclection, still seem to offer the best explanations.
The aggregation hypothesis has a evidence in the Iitoratuve®

to support it. In creating the powder cloud, particles of both#pOSitive

and hegative charge arc produced. Either through -attraction of these

sibely charged particles; gravitational attraction, or through thée

‘normal agitation of the cloud, particles will collide. In such a

| collision, it is possible that Toeal and temporary heating oceurs at the

contact surfaces 1% can be sufficiently high to cause the particles to
fuse the resin. |
It is @lso possible that with the voltages, géometry, and meithod

of clgud-produétion used, there may be a strong selective attraction of
particles in a given size rénge. Particles in the threé-micron rangeé
may experience much stronger forces pulling them out of the cloud,
perhaps by reason\of a higher charge=to-mass ratio, thanAPartiCles:in
othef sizé rangess This would meaﬁ that, though therée were a great many
moreAparticles lecss than three microns in sizce in the case of the fines,
the majority of partieles deposited would still be taken from the three~
micron range. This teo could aidffhe aggloméfa$ion;

- The experiments show that. the ALj fines (dry) powder will produce
the most uniform deposit and that particle size and distribution have a

bearing on the type of deposit produced.

% J. Frenkel, Jours Appl. Physe 5, 25 (19L1).
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érice between the deposits on the development~test plate and the selenium
plate. .Sincc the deposits on the devélopment=test plate are uniform
whether the powder is wet or dry and the deposits on thé selenium plate
are affeqted Both by the wetness 4nd baftiéle&sizc dist}ibution of

particles, it would scem that the selenium plate pesscsses potential

gradients which aré¢ responsible for the henuniform depesit.

In s6 far as further work on the povider cloud is corcerned, it

'is believed that the following should be considercd:

(a) Alj fines (wet) powder~cloud deposits should be made on
both the dévelopment—test pidte and a selenium piatc,since the Alj fines
(ary )5 which is vacuum dried and maintained in- that staté, is not too
practical for use in. the field.

(b) Powders with still finer particle-sizc digtEibitions shoild
be made and tested. -

-Qc} ‘Tests with the hand=operated, compartmented box should be

rgﬁ for polrarity, particle-sizc¢ distribution, and iretness to determine
the effcct of a vory predominant polarity (minus, sce Table LO) on
dgposits.'

(@) Other powders, such as AG-l and AG~1l fines;.should be tested
to see if any correlation betieen compositions can be found.

(¢) Investizate new carriers to determine their offedt on
polarity of the powders,

(f£) Investigate the use of materials other than aluminum for

use in the development box to determine the effect on the polarity and

charge.

5

Another significant factor to be considercd is the serious differ= f
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(g) Determine the magnitude of the chargé on individual

particles and the total Sharge that wowld -occw® ih a Powder cioud.

Cascade_Developrient.

Previous experinénts have indicated that. the powder-carrier
cascade ‘nethod e£<de&elépﬂng electrophotozraphs hidsé certain a@vgptégES
ovér povder~cloid methods. Thé most important advantage is the )
simpliciﬁy of the .iethod. The chiéf-disadvantageSAare-slower photé—
;gfgpﬁig'gpee§=and inferior definition in the final print., (See

Quarterly Prosress Report No. 5, pages L12~Lll.)
B In the previously reported experiments, the CasCade-@?phod_ng; B
~evaiuated“u3iﬁg,pgsitivglylchargéd‘ylates and & poﬁdéﬁ?ﬁafrier“combina—
tion formulated to -develop positively charged'imEQQSg In the work
reported here, plates were charged negatively, and & negative powder=
carrier combination was employed. Results indicate that the powder-
carpie?"method has a slightly slower photcgraphié speed than powder-
‘cloud methods and thc~la%i§ude of the method is some.that limited, but tbét

definition and picture quality of cascade-déveloped pictures are

. comparable to those of powder—cloud-picturéso

The cascade method used was similar to the method described on

pagelh13wof Ouarterly Progress Report Ne. 5 except that negative charging

and dévelopers were used. The developers consisted of 5.6 per cent of

<
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either G=1% or Magnetic™* powder mixed with 9li.l pér cemt polystyrene¥i

cirriexr.

The subjects photographed inecIuded bBoth outdvor scenes and gray

scales, The curves in Figure 152 Were plotted from refléction i

densitrometrit measurements on the original gray sgules and their

reproductions. These éurves indicate {1) a variation in black-aréa

density frém print o print [which has not Been accounted for] and (2)

& latitude of density range of about 0,6

=N
A study of the outdoor gcene phetogiaphs showed that the photo- zf',
b '{,&'4
[

graphic Speed of the method was slower than that of powder=cloud develop~ "@‘\
ments This slower speed was apparently due to the fact that negative
1lizht decays for all selenium plates é,l'-.'f‘é.z ;101'rer than the positive light
deca¥s. ©BGonparison betiesn positive p’@x‘-rdéf-a"'fr'i»éf cascade development
and positive pouder-cloud developuent showr that those twﬁ processes have.
/ B}

ro-ughly the game speed;

Fizure 153 is an outdgsr picture developed £from a nega*’oj,\,,zgly
charged plate by poirder-carrier cascade, This picturé shows the limited
latitude of the cascade process. However, the nicture alse shows the

finé definition and detail that can be obtained with the cascade method,

and the intermediate grays that the method can produce.

# See Quarterly Progress Report. No. ; page L7.

#%  Magnetic Powder No. 10 as described in Progress Report No. L3 on
Xerography to The Battelle Development Corporatiom, page 770; 60
per cent lianjak (Allied Asphalt and lineral Corperation, New York,
New York); LO per cent Mapico Blacl: (Binney and Smith Company,
New York, New York) mixed on a rubber mill and micropulverized.

*¥¥%%  Polystyrene Beads, Type P-8 (The Koppers Company » Pittsburgh, ]
Pennsylvania), screen cut above 35 mesha ' , i
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PLATE NO: 9-26-49-E

DEVELOPMENT : POWDER -GARRIER GASCADE, NEGATIVE
DATE: I1-i-49

FIGURE 153. CASCADE ~DEVELOPED OUTDOOR PICTURE
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The -experiments descéribed abové did not involve the use of a
grounded metal electrode held just above the vlate during developmente
For some regson, ihe negatzve developers are aple to f:ll in large dark
-area'is ﬂith?j’ut the use of a grc;unded electroc.e. I‘urthermore , expériments
using such an eléétrode showed that it had little effect en the quality
of the picture produced, and seemed to decrease ﬁii‘;’ah‘.efi‘ecfc,ivé( photo-
graphie speed,

Because of the difficulty of controlling the d,ev,eiopment with an
electrode, and the Iimitéd latitude of prints produced by powder-carrier

development, work en this method has been discontinued.

Spray Development

fiethods of déveloping electrophotosraphic images using liquid

sprays havé beeh briefly studied and evalmeteds This work has shovm that

spray development can produce electrophdtographs as good as the best
pouder-cloud-developed pictures. However, the work hias alse showm that,
with respect to & Cameta application, there are practical difficulties

in spray~development methods which appear to be mére serious tha.n those

of powoer—:cloud-dpvmonm ent methodss
ALY} of the spray-development méthods tried in this work involved
directing a finé Iiquid spray at a selenium electrophotographic plate
that had been charged and eXposed in the usual ‘manr;er-. An artistsi-=
type airbrush (Type VI-1, Paasche Airbrush Company, Chicago, Iliinois)
was used to generate the spray. A variety of inks and pigment materials

were sprayed.
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In the first experiments vith the spray method, the airbrush
Was. 'char._g:'e“ii with India Ink .and the spray was directed at an exposed
plate held about two feet in front of the airbrush. In this case, the
spray deposited qulte uniformly on the plate without aevelopingi' out an
image. Howéver, when thé spray was &irccted through a corona discharge,
the ink produced a rough-textured image on the .exposed"plate., A
similar, but bettér, image was obtained when the India Ink sp¥ay ¥as
directed thrdouch a .smail ring close to the airbrush nozzle and held at

a high metential with réspect to the nezzle. Pliacing & fine-wire grid

just in front of the plate during development did ndt appreciably improve '

the quality of these images.

\‘Microsvcopic. examination of the ink deposit showéed that the image
itself wag produced by very fine droplets. There was a high density of
these fine droplets in the highly charged area of the plate, and none of
the finer droplets in the highlight areas of the e 'posed:? eplate,; Hotrever,
there was a fairly uniform scattering of larger droplets ovér all of the

plate. Apparehtly, the larger droplets of the spra;y‘ had -enough momentunt

to be essentially unaffeécted by “the elect rice i‘wclo oi‘ the plate. In
order to reduée this background of larzer droplets, the plate was placed
parallel to the direction of the ink siar.a‘y during development. It was
placed directly over the fine-wire grid in such a position that the
frame ofi the fine-wire grid shielded the plate from the direct spray .
The plate was %heﬁ developed only by droplets carfied near the plate by
the turbulence around the grid frame. This arrangement eliminated most
of the lazmpor droolets, and also caused the plate to be developed very

uniformly..
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Thé final arrangement of the apparatus is sketched in Figuie 15Nk,
Minor variations in this artangement caused only minor chinges in the
resulting development. Thus, changing the co.stance between the plate
and the airbiush éh’éng‘ed thé speed and sometimes the uniformity of
development; changing the imk=feed raté also changed the time for
Jdevelopment, 1=rifhout greatly affecting the droplet size, etc. In most.
cases, the -c,:ha.;n‘ging tifig was held at & potential of +1000 volts with
respéct to the nozzle. The airbrush was p_Perated at a pressure of 30
pound$ per square inch 1, and was adjusted to féed the ink at the M&&Fimum
rate. In most cases; the spray was turned on for 20 Sécoqu.

A variety of inks and pigment materials were used with the
:arraﬁgement described .above. Jith some raterials, the charging ring
charged the gpray; with other materials, it had very little effect. In
all cases, howeVvér, an image was prédu’c‘é‘cll. Theése imazes v_aried‘ chiefly
in texture, density, and their ability to be transferred and fixed. The
results with tlie different materials are sumarized bHélows

L+ VWater-base inks (uﬁdilu'ted )z +*he spray was charged by the
charging ring. The image developed on the plate amaeared to be accept~
able, but. it was not possible to transfer the image to paper.

2. Oildag¥® (ld per cent sélution in carben tet:_ra-chloride): the
charging ring had little effect on the pokarity or quantity pi‘ chgr,ge on
.ﬁhe droplets. A fine-grain picture was developed, which co-ulcf{ be partly

transferred to papér by pressure. The resulting print was much too

s+ Acheson Colléids Corporation, Port Huron, liichizan.
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3, Printerts ink (10 per ecént solution in carbon tétrachloride):
the cha¥Zing »ing had little effect -on the charge of the droplets. A

fine—grain image was obtained which could be transferred to paper by

pressure aloneé, producing afi acceptablie print.

\Ua §

per cent. solution in ethanel): the spray wa

E3

Iyes (&

11

Lo
charged by the charging ring. Host -of the alcohol of the solution
evaporated before the spray reached the plate so that a dye-powder iméage
was formed. This powder image could be partially transferrcd o paper
by pressure, where thé final print could be fixed and intensified by
moistening with solvent.

5. Water-soluble mimeograph ink (20 per cent solution in water):

the spray was charged by the charzing ring. A somewliat rdugh—app@aring

image was developéd on the plate. This imase, thou h sticky to the
touch, tra isferred poerly te paper under presswres
6.. Lampblack™ (10 per cent dispersion in methanol): the spray

was charged by the charging ring. The lampblack deposited dry and -gave

s

a fifie-grain imané on the plate.
statically or by a préssure-sensitive adnesivé, and the resulting print
was of good quality.

Of all “the materials used, the printert!s ink and the lampblack
gave the most ac¢ceptable results. The photographs obtaified using the
1"_pb]ack seemed a little better than those made with the printer's ink,

but the process was simpler using the printer's ink. Figure 155 is a

reproduction of a photograph produced by spraying a }ampblack dispersion.

% No. 10 Lampblack, Monsanto Chemical Company , -Camden, Now Jefsey.

The image could be transferred electro= -
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,PLATE '9-15-498 -

DEVELOPER : LAMPBLACK (10 PER CENT) IN METHANOL
DATE: I1-16-49, | P.M.

SPEED: ASA 4 (SLIGHTLY OVEREXPOSED )

FIGURE 155. LIQUID -SPRAY-DEVELOPED ELECTROPHOTOGRAPH:
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The photograph reproduccd is oné of the baést é];eetrophotdgr:aphs developed
by a liguid-spray method. It was transferred by prceSsifig a moist
éolatiﬁ—coa'teé. pé.pcr onto the plate after develophent. Although the
lzampb—lacl; 4imazes can be -t:c:ans:'f‘e'rrcd-‘ &Tectrostatically , the coréns
discharge sometimes ci'fi.s{‘,urbév, or "e}@l‘d"c;if'es" , the Jthickcr deposits.

In all of the liquid-spray metheds, it was not possible o use
granular material to ¢lean the plate after transfor of the image. With
the inks and dyes; the plates could be casily clecancd by an alcohol or
carbon tetrachloride wash: However, a much sore vigorous -S'crubb;'@lj_g; was

necessary to remove aklk t¥adces oF thé Lampblack. Often this scérubbing
was sufficicent to seratch the plate.
Tollowing arc the conclusions dravm from this work on liquid-

_spray developawent methedss =

l. Liguid-spray dé\felopm,cnﬁrmethodg can produce photographs of
“guality equal to or better than that ofr pho-to'gr'p'h-s proguced by powders
cloud—development methods.

2. Nonec of thie advantazes or disadvantazes .of the liqﬁid-‘é’praf
methods apcars to liave outstanding importance. In (-:J;ﬂdec-l- in the
advantages of the process are:s (a) a vide varicty of inks énd pigmerif
materials may be used; (b) in many cases, the amount of chavge on the
spray may bBe easily controlled; and (c) with drying inks [such as
printerts ink); transfér and fixing problems are simplificd.

Among. the disadvantages are: (a) the liquid-spray methods do
not scem to lend themselves to compact forms of élevcloping equipment;

(b) the plates are more difficult to clean; and (c) most of the
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liquid-~spray methods depend in part on solvent evaporatioén, which is a

temperaturéc=dEpendent. prodéessy

smokggCIoud-ﬁEvelépment

In pictures taken by theé use of phoshhor plateés; and also in
experiments on the development-test plate, the pouder deposit on the
ifase dis found to have a. téxture éf cbnsidcrably larger scale than the
povder=particle size. It is reasonable te guess that this texture is
caused by a tendency of the powder to “trceh, duc to induced dipole
moments in the particles: If this guess is cerrcct, a smaller powder

particle will produce a finer texture in & photograph.

_A serics of experiments ras made in the search for smaller

-developing particles than are available in present powders.

Vapor was first tried with limited Success. <Colored sriokés were

then tried and very promising results werc obtained. Figure 156 shows

‘2 contact print developed by a colorcd shoke.

The coélored smoke &S generated by a cheomical reaction that

furnishes hecat to vaporize a dye. Smokes of ncarly any color can be

produced. The smoke-producing material is placed in a -capsule with
an orifice ab one ond through which the smoke éScapes on burning. The
fihe grain quality demonstrated in this print is attributed to small
particle sizc. It may also be due to morcrdesirable eiectrgstatic
pﬁoperﬁios than the currently uscd (4lj) ¢lectrophotographic powders

have.

'BATTELLE MEMORIAL INSTITUTE

RESTRICTED




kT, S PR TG " SO ———) - T
- » =

.

H

ol
m

FiGU

.

e e e S g
LA ez s
PR = - - -~ ~
R o=
.\\
K
- i
T~
LV
3
\
E) N
A =
W
.
[ S0 .
;3
o
idy
/

156.

67112

am— LW e

o e—— g

RESTRICTED

GONTACT PRINT ON A SELENiUM PLATE (9-15-49 B)

USING A SMOKE CLOUD FOR DEVELOPMENT
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ADHESIVE FIXING AND TRANSEERRING

An investigation of the posgsibility of usin‘g' pres‘sure;sehsi.’cive»
Fring powder clectronhotovrapmc
imazes has been started. The preliminary experiments carried éut in

this investigation have included fixing imapss By applying transparent

adhesive tepes to nouder images that had been clectrostatically

transferrvd to pc.pcr. Tranisfer of powder imgses has been accomplished

i

by applying pressure-sensitive adhesa_ve-co‘atedf f:]m to-devgloped=

electrophotogruplisic pl;atés. None of the methods or materials tested
=ha}§ been entirely satisfactory » but the general methods .ap,_Qca;' to be
practical,.

7 In experimenis on fixing powder images using transparent tape, ‘

#Scotch! brand cellulose tape No. 600% and Stik~on No. LE8¥¥ were

presséd onts -p'o"-rder iina'gé'é on paper using a lithograph proof press. Thé

regions, the adhesive did nr_v_t ,penei;raifg' 13%1:9. entire thickhess of the
powder. Then that happened; a loose powder vocket was formed. The
"Scoteh" brand tape rctained more poxvderﬂEzldid"dlcstickéon. I"ne. adhesive
on %Scotch!! brand bl'!s tic film tape Né. L71 (which was not trangparent)
penetrated someviict tliicker layérs of reowder; with this material, the

cape just barel[ adhered to the backing paper in the black arcas.

s M:mnesota Lining and hanui‘acturmg Conpany, St. Paul, Mimmesota.

*% Eugene Dietzgen Company, Chicago, Illinois..
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In cxperiments on transferring electrophotographic powder images;
nSceteht brand tapes and gelatin-coated paper were testéd. Heré agai:-m,.
tape (No. 60Q) adhered to aimest all of the powder in thé gray areas 'b‘u-t
did' not transfor *the powder from the thick areas. The Nos 471 type ef
tgcoteht brand tape did removie black layers of povder from thick layers
on the electrophotographic platé, as did wet aelatin~-coated paper. The:
gelatinscoated paper consisted -of photographic contact-printing papér

which had becn treated with a solution of sodium. thiosuifate, washed, and

. _left weot. A1l the adhesive materials used werc apnlicd %o the electro-

photographic plate using the lithograph proof press.

Except for the fact that the process required water and time
for drying; the adlhesive transfer using gelatin=coated paper was more
satisfactory than the usual electrostatic method. Nearly al-lf of the
powder was transferred, and the black arcas that transferred could be
@as_ fixed by the aopllcatlon of transparent prcss e=sensitive
adhesive tape to the gelatin-coated papér‘.-

' The work on traﬁéferfiﬁé and fixing, using prcssﬁ?e-sqnsit’ivé_ 7
adhesive 1apes, will bée continued by testing additional commercial tapes,
and by scarching for adhesive matéerials with the penetration, tack,
permanence, anﬁ_ coloxr (or tr-:ané_par"ericy)f properties rcequired for satisface

tory transfér or fixing operations.
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the effect of Mdﬂious cleaning trcatments and Various undercéating
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SELENﬁUH PL:TL-PRMPARsTI(H HOYK

Jw Ine Stockdalie and ©s As Ulirich

Swmary
Tn the preceding (uarterly Report (No. 5), data were given on

materiais:on aluminum=ba cked elcctrophocographlc plates. It ﬁés'rcnofted

in very skow dakrk-decay rabess This anodizing alkso caused the forneation

of large circular powder=deficient areas in continuéus-tone prints..

It has been found that, if brass is used as a backing-plate

materizl, not only will the dark-~decay rates bé sloiw; but print quality

will be good as well. szde using these brass-backed plates

exhibited considerable Zraininess, hoiuever. This occurrencc of graln
and powder-dcficient akreas in primts has;gefinitcky been tiacéd to over-

charging of the plate as the principal causc. Ovércharging; dhdoubtedly,

is not the only cause 6f Zrain, but it is at presént a most important onc.

1ng brass as. a backlng-plate terial, eleciropﬁéﬁagfaphic

plétesivere prcpwred vith various speci&l treatments. he best prints
were made, hoircver, from plates which had received no special treatment;
that is; theéy werc preparcd by clecaning with a polishing compound,
synthetic detergent, vapor de~roa31n¢, and¢ depositing the selenium with

o

the plauc mointained between 60 and 65°C. dwring vacuum evaporation.

’
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General Consiggggpiqg§_pn,Plg%e;ﬁﬁudigg

Ifuch srork has bécn dene in the past on the preparation of seléiiﬁm 1
-cie@irophbﬁographié.pkétcs using aiuminum as the backing=plabte makérial.
The aluminum itself ﬁas béen tréeated in a variety of waysz. lany
differefit undercoating materials have been anplied to- the aluminum before
the seiqnium wa$ depositeds Plates were subjected to various heat treat-
mentss both during and after preparation. The fesults have been distiné-
tive only in the diffieulty of their evaluation. Gertaift Valuable

info¥mation has been obtained, hoirever. This includes, in part, informa-

tion concernihg: =

1. Thedspendence of potential=decay characteristics on plate-=

2. The dépendénce of spectral sensitivity on plate-preparation
temperature.
3. The lack of dependence .of potential-decsy characterisitics
.on. chamber pressure (up to 25 microns) during e§a§brati9ng
hnother result, and equally important, is that plate charactérs
istics are extremely dependent upon the ¢haracier of the interface
between the selenium and the backing plate.
The c¢haracter of this interface is fully as important as fhe
. conditien of the outer surface of the selenium. It can, apparsntly, give
rise to fast darkrdcgaj rates and a large difference between positive-
and negative-potential characteristics. It can affect the magni%ﬁde of
the potcﬁtial accepted as well as other minor clectrical properties. But

further, this interface plays a vital role in print-making quality.
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Certain smallk. irregularly shaped blemishes in prints can be attributed

to- seme ¢iscontinuous characteristics of the interface layer.

wJ
].J
[-:
fy
Q
1

» @léctrophotozraphic orints can be divided ihte five

I general groups as i‘ollows:

‘ Le Small pin-point. powrder~deficient areas.

2. Large, circular, powder~deficient arcas ranging around one

millimeter in diamcter.
3. Pairly large; irregularly shaped, powder-deficicnt areas,

. he Long, narrow, povder=iree; oOF powder=eXCcss sireaks, follow-

ing scratch marks or rollifig marks in the backing plate.
5. A grairy structure, apparéhntly due to ikregular deéposition of
the powder in clumps or ridges.

The dircct cause of the powder-deficient blemish  is a local

.. poteontial 1rrcgu1ar1tv of the plate:s The sraininess may be due either

to local potential -;L-j?r_'e\gg}?_;a.__r:;;_tlo,s on the plakz er a nonuniformity of the
devielopient cloud. The underlying causc of thie ootcntlal 1rregu1ar1ty
is not_understood. It could arise from nonunifornity of (1) charge
acceptar‘;ég , (2) dark-decay rate, or (3) light sonsitivity over small
arcas of the plate. Any of these threce nossible nonuniformities could

( = -rc’sﬁﬂ:b froﬁ;. structural differences in the sclenium, differences in
selenium {ilm thickness, or local intc‘szgce-—p:r‘opcrt'); variations. The
structural diffe;*c-:nc,cs could haveiri-cvelopcd' during the deposition of

the selenium as a result of lecal interface variation, or they could have

_developed later. Overcharging, with resultant breakdown of the sclenium,

\ o ) | ™ BATTELLE MEMORIAL INSTITUTE ;
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could change it from its insulating form to a more cenducting form. Such.
beakdown might Fogically arisc from .a rouzh backing-plate w=urface or from
the breakdswni of a dicleetric interface film. It might 3156 arise from
hoéles in the solénium eaused by dirt on the backing plate while the
§&léniun is -depositing..

Four items of experimental evidénce which bear directly ¢n thesé
gquestions involve (L) the usé of a perfoctly sméoth backing-plate surface,
(2) the usc of a grid to control the potential to which the plate is

charged, (3) the effect of anodizing aluminmum backing plétes, and (

el
=

)
¥hc .comparison between the prosertics 6f brass and aluminum as backing-
plate mator.!igls.

In the Tirst cxperiment, involving the use of a smooth backing
platc, selenium was deposited onto a glass piates This plate was coated
with a conducting layer (‘¢opper or alwiinum) by vacuum cvaporation j_n the
sdme mannor as that in which thé séleniuwm was dépositeds The appearance
of Irrégular powdér-free areas ahd graininess was reduced but not

eliminated. The tendency to form circular powdér-deficient spots was

increased, Remaining graininess ¢an be atbtributed to potential
i-»rrcgulari"t;e‘s in the selenium or to the doveloping j'jrocess. It .caﬁﬁot -
\J’G believe, be -due to surfaec roughness. —

The sc.conci experiment involvés the use of a potential=control
grid. Here, the potentialk to which The ,p],.a‘l;,c is charged is Lifiited .so

that the plate 711l not be subjected to breakdovm voltages. When plates.

arc charzed using this grid, instcad of ‘open corona wires, a marked

BATTELLE MEMORIAL INSTITUTE
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reduétion ifi the nuwiber and size of powder=doficient dress regulbs. The

graininess is also appré¢iably reduccd, particularly in the denser

TregIOns bf the prlnt.

Fhe third item of experlmcntul cvidence 1nvolveg as listed above,
thé effect of anodized alumimum backing plates. The effect of the
aluminum oxide dielgctric layer was to greatly increase the number, and,
dften, the sizé, of circular powde“-deflc went $pots. over thoge resulting
from unanodized alwiinum. In géncral, a tidcker oxdde Lajper gave largér
and moré numerous powder-froe arcass The anodic layer had a very high
leakarc resistance before breakdown, as cevidenced by the éxcepiitrially
slow dark-decay rates.

Thé fourth cxperimental result, this onc also demonstrating the
effect of interfacé layers, is the diffcrence between brass and alumiQUm
.as,bagking—plaic_materials& The AQrk—dccgy{rgtcs ahd continucus-tone
image quality are very much better for brass,thaﬁ for aluminum. This is

appare ntly;duc cntlrely to ail interface layer Which his'morc befieficial

——————

_properties in the case of the bresss An analysis of the chemical

5

@mopcrtics of sqlenigm, alum;num, copper, and zinc indicates a much more
intimate chenical bonding between selenium and brass'ﬁhanvbetWUen
sclenium ard aluminum. Differences in surface quality betiween the
aluminum and the brass backing metals uscd cemnnot dccount, to any great

extent, for the type of improvement noted..

In summation, it cah be said that using a very sinooth backing

plate improves grain quality and reduces blemish appearance but docs not

climinate efther of these. Potential irregularitiés on the surface of
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the seleniur or in the sclenium are the direct causces of the grain and

blemishes. These ifrregularitices may be due to siructural variations in

the sclénium or may Be duc to diStontinuous interface f

ilfss The evidence

L

¢ited points strongly to the intérface film as beifig the seat of the
trouble, particuia¥ly since it undoubtedly ¢an affect the Selenium
streucture as well. Since it appears that plates which take a higheir

potential have faster cffective specds, it will be especially valuable

to: overcoine theé tendency 6 breakdown which is so dependent on ihterface

laycrs. '
Conscquently, a continued study of the effect of interfacc films
and backing plates should give the most fundamental information about
plate propertiess
Dark- ahd light-decay rates and fatigué in vplates which are

charged to potentiais less than the meximum the plates can accept will be

studicd. Information resulting from such worl: is meeded to establish

charging=cxposure and dévelopment~time sequonces. for the electrophoto- ?

graphic cameras. E ) -

Ixperimental Jork on Selcnium-Coated Plates

The-principié.defeets in selenium=-coated electrophotosraphic
plates havo bochs(i? excessively fast derk-deocay rates, particularly
for positive-potential charging; and (2) the lack -of uniﬁbﬁniﬁy of )
potential characteristics -over the plate surface. This lack of potential

uniformity causcs powder-~deficicnt arcas and, at lecast in part, grainy.

images, Various treatments of aluminum bacizing-plate material have been
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previously rcporied. Table-ﬁ; sunmarizeés rééent cexperiments which have

been dirccted toward improving potential and image-forming characteristied.

The. follevring sumg up the Zmportant information given in the preceding
tableg

nsistently slow dark-decay and

1. Anodized dluminum produces go

fast light-=dceay rates; buty apnarently; prévents: the plate from accepting

-2 high pote nblal and -definitely causes large pewder-deficient spots in
prrﬁts madc from these platese

2, Polished (photocngraversY) brass
much. superior o unaicdized aluminum from both potential and image-—
forming ‘stendpoints. It is abeut equal, to anedized aluminum in positive-

’

potential dark-decay rates. It is much superior to ancdized aluminum in

image formation.

L

W« Gopper has characteristics comparable with brass when the

plate is first madc. After several viegks, sufflclent reactlon between

the selcnlum and tn copoer has taken place that the sclenium il w11

Yery readily poel away from the toppers As yet, no such tendency has

appearcd with the brass=backed plates..

L. Zine, chromium, and nitkel do nob. appear to offer any

advantazes over brgss. Prints made from solcnlum—coan plat g of these

o

metalé:aﬁé génerally inferior in quality.

#§ a backing-plate material is|

5.

writh Glass

”hc cleaning technique for brass;

whieh consists of polishing -

“fax*t, washing with a synthetic detergént, rinsing with water,

rinsing with isopropyl alcohol, and degroasinv in isopropyl alcohol

# Qlass
Dakota.

firaction

olorln

Tiax, manufactur»d by The Goid Secal Cvnnany, Bismarck, North.

Conposition - ?% per cent water, 1

ﬁgcnta

15 pner cent petroleum

(ranhtha), 7.5 per cent. abrasive, amionia, emul31fler,and
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OF SELETIUM ETECTROPHOTOGRAPHIC TLATES

| RPFECT OF VARINUS TREATMNTES OF TH% CHARACTTRISTICS

RESTRICTED

- = ==Seiemium . T T R SHestriont mage OuaJ.u,y
Ytesm i Thicknans, Plate: Properties for Pogltive Using Open Coronz Charging
Vambex  Bagiing Motoedal Hicrong | Treatment | Appoarange Poyential Charging . . . Jire I

1 Alvriisan 10-20 Engdize in trisodium mhosphete Lréax Very slow d=zl-decey rato,  Breskdown of enodic £ilm causés profr
(soe quarterly rénort Yo. 5, vogltive ~ 10-20 per cend inent nowdeér—deficient areas (boten—

pagoes U2l=~29) ] tizl=control grid not vsed in chargingle

2 Alvmioan 10~-20 Stendard ~ idétorgen"‘b vnsh and Clear Gonerrlly accéntadble but ofen Generally good with caseade develop=
igopropyl wapor desrenso oxcesdiveoly fast dark-decay ment. Generally poor with powdsr~cloid

_ rates development because of powder-deficient
) areéan.,

% Alumdimam 15 Sufface. gralned with sand wntil Fine gray~ Siow da¥k-decay rates Pine=grained orizt quality with powder—
gomoistely licht-scotteiring at apmeering clond develonment bt had unaccenta‘ble
adérmal incidence. No furths? t-urfacént(nat powder~defictent areas.
cléaning crystallina)

Y Alwniinun 15 Surface grained with thirty- Ditto Tast dark-decay rates grest= MHany lerge vowder=deficient ~reas, but
mesh carborundun ¢r ¢{han 10 per cend otheririse fine~greined texture.

B Brags 1.0=60) Photoengravers volished surface Clear Slow dark=~deday rates—gener- Fine textured unlegs overcharged, which
~alightly rimmled dbut very shiney. ~ and ally 20 ner cent or Ydss develops coarde~grained texture and
Clreanife s¥andard ag in 2 Smooth - *»owﬁew-aefioient dota.

6 Brags =60 Ruhbad \-rith Fogs~Wax (sce text, Cleax Darle~decry rates fenérally Hore consistently fine textured than

) paze 511 before degreaging slgwer than for standard-— gtandepd-cleaned Hrags.
E - ‘cleay@d brass - -
T Brasg 10-20 Grained with sand vntil complele~ Fire gray Good - 24 in 5 Good =~ as in 5
) : 1y light-scattering at normal surface : . S
Incidence aa in 3
g Goprer 15 Fither grained with sand ox Olear or TFairly slov dark-deoay rates About equal to brass as in 5. Adhes=-
stendapd cleening sg in 2 ag_ in 3 — ion: between gelenium and copper bem
’ . comes éxtremely poor in one weels time.
9 Nickel 15 Standard defrease, as in 2 ¢lear Will accent only 150-to 200- Low denslty and contrast—grain quallty
electronlated ) volts potential (b*ass takes nearly a8 good as standard—cleaned
cnts copper 5-700) falr decay rates bragg.
10 Chrontum slectro- 15 - Ditto Cleas Thtbe N )
plated anto copper _
HESTRIOTED
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TAELE 41, CONTINUED

RESTRIGTED

Seleniuvm ) mloct:t;:{(;ai e "mz‘,a'e f)\‘mg,y'v ==

Tten ] Phic .o a3, Plate Provortiss for Positive VUsing Open Corona Charging

immber. ?zc‘drgg‘}w'atarial _ Micau.:.s Ireabmont. . _ Am*é';fir_zmoe Potezﬂ*ial Chm'gir.ﬁ Wireg . . R
1 ZING  vRoun rids) Gopner swnaa’i‘g ag in 2Z.zinc Cieay YLl pe@ént y-u-wu ToLsa Grest nunber of pouwder—froe arsog- ;
evaporated onto demosited orior to ¢ varornti,ng notontial, pedium dark- apots. Good density
copper gelenium. decay rafe

12 Zinc 15 PhotoengT ‘wers zine stsndord Clear Past dark=decay rate- Print ¢uelity falr but not do good
cldaning as fa 2 28 brass in 5.

I3 Brass 10 Brass standard clennsd, conper Clear Derk~-decry rate very fast, =
evmoratw, then covper and sel-~ pr*xc’cic'll‘/ no light senpg~
shkin simltensously and , finally, itivisy
Juet dedenium.

B Brass; 15 Sulfuric scid (6 por cent) ai- Cléar Dork—-decay rate very slovw, Printa £ l:y £604d..

Lhen standanrd cleaned as in H,
eat.  with erystslline seleniun

by holding nlate at 126%C, theén

denosit remaining selenium at 60°.

15 Aluminum 15 Ditto Scattering Talrly fast dark-decay rate -

and stresked '

16 Brasg 15 Brass siondard cle-mod s in 2y Clear =but Take extx‘*emély high votential Print texturé geod. Dark baukgrotm&
Hien coated with or-anic film, rough due to have falrly good dark-decay due to high residuel cherge. Non-
then ~1lnged in wvacuum systelr and dus$ vartl= rates, ~nd have high residuzsl uniform orgenic film thiclness causes
seloniun evaporzted cles in redn pouontu al strasks in print.

7 Brass 15 Braasg stands rd cleaned ag in 25 Clear ™ irly o-od vpositive darlke - Prints full of small Howdér—de-
Undercoats of gérmanium and decays. (negative dark ficient dots. Coarse grain texture.
telliurion denosdted by eveanor- Aecsys very Tast) - ' :
ation 4in sams svacurtinh ag
selenduit - -

1£ Braga 15 B¥ass gbandapd Heano &, $ol= Sisar Tory Tasht vositive darks Prints full of @ndll, biack, powder=
enium déposited, follo 'eq. oy an decoy rrie, (very slow neg- excess s»obs. Texture grelny.
extremely thin coating of gor- - ative dark=decay rate) C
manlum iIn same évAguation , .

19 Brass 15 _Standsed cleanod, conted with - Takes low motential, faliy Very grainy.

: ardénic by evaroration in snme decay rates, high reaiducml
evaguation ag the selenium which charge
fallowed -
—_— RESTRICTED
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TABLE 41, CONTINU™T RESTRIOTED
, SeTentum | Eleotrical Irage Quality
itain _ _ Thicknoss, ) Plate Properties for roaliive Usdng Open Corona Chamging
Yumber  Bagking Metérial .= Mlerons . . . Treatment Apnearance ~ Pokentdal Charging R Wire
20 Brags _ 15 Seme ag 18 oaly undercoat with Nagdimifi necentod notential L
afsenlc mentoiids — ig 10 wlta
21 Brass 15 _Brass stendard cleanedl, coated Zinc smifide  Faft deocay rates, high -
. with selenlum, then with a 2= layer residuzl votential;
wavelength~thick layer of zinc badly _
elfide - crasked

Brass 25

Seme &s 21 only uge swifnesium
fluoride in ~lace of -inc gulf-

tlagne siun
flvoride ley— no 1light coensitivity

nEsm:m

1de ar badly
. criacked
23 Glass 15-20 Goridneting filnm of covwor Clear (ex- == Tiner texture than from stendagd-
evanorated Befors denositing cent for ¢leansed brass in 5, bBut still haq def=
the selenium snattered inite grain. S
dro~s of
aglenium)
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¥apor Qmerewer less taken as standard), gives good results. An acid dip
does not have iy noticgable &ffeet. Tne effsct of the Glass Wax treats

mént, w¥hich is actuglly just an abrasive cleaning process.

+ is not notice-
able in seme Cases: In others, it shows a definite improvement in the
grain texbure of the iéage,

6. VWndercoatings of organic films, -ietallic films (Te, Ge, Cuj
ks, and giay sélenium),and arsenié¢ pentoxide did mét bring about any
improvement of decay of image-foraing properties. The orgénic filnms.
apneared ﬁo.give soﬁeWhat finer frain, bub,due to itheir high resistarice
and direlectrie gtrciigth, the;" caused g hish residual potential. Uneven
thicknesses caused uneven background densities, also

7. & coatinz of zinc sulfide on top of the sélenium did not
seem to affect thé plate. A similar coa ting of magnesium fluoride cavsed

a fast positive-potential dark decay: Both of these dielectric f£ilms

_exhibited mary fine irregular cracks.

The experiments In~wh1qh'germaﬁium‘and tellurium were ewapopaied
ag wndércoats and germafijum as a topcea at are particularly interesting.
Jith these materials as underceoatings, the piaté had good gharge accept-
ance and slow darl~decay rates foF 6§ itive-potential charging. For
negative-potential charging, uhe téiluriumééoaté& plate had a &ery fast
da; ;~Gecay rate and the germanium-e6ated plate showed no charge accept-
ance at all. On the other hand, when germaﬁ;um“was'depésited in an
extremely thin layer {invisible to the wnaided gre) oh the top surface

of the selenium, the potential responscs were just the reverse -~ fast

positive decay and relatively slow negative decay. A positive-hole donor

[T
O
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aé¢tion is indicated here. This phenomenon micht be very vatuable in &
more fundamental study of geleniumm ‘and its proverties:

Undércoatings of gray sélenium were preépared in an effort to gt

a cnemlcally and electrically homogénéous conduculng surfsce upon which to

deposit. the ¥itrzous selenivm. The crystalline layer was formed by

evaporating sélenium ortd a backing plate held at 125°C. Thls resultant
layer was =sbout three m;crons thick. The temperatuire of plate was then
lowered to 60°-65°C., and the rest of thé selenium depositéd. Plates.

made iff tinis Wanner had good positive—potential charac¢téristics, but

extremely fast negative decay charactefistics. This may also indicate a

positive~hole donor gebion.
A groy-=selenium wridercoating as described above was prepared in a

run in ithich a brass and an altuninum plate wsre mnounted side by side om

the temperature~controlled platen. 'The positive dark—decay Yate on thé

brass was 20 per cent, and on the alumihig ;Q was gQ.psrﬂqent. They

both accepted the same initiadl potentidl., Again, the supé?iority=of:brassw/

over alumimum, #ith regard to decay rates; is demonstrated.

The effect of firing rate was studied. The firing rate which
has been used as stahdardrsinde February of 1949 has been such as to
‘evaporate 10 g?sms of.ssiéhium in 10=12 minutes. For these flr g—rat
tésts, films about 15 microns thick were prepared in 5, 15, and 60
minutes. ﬁomé spattéring occurred in the S-minute test, but this is
1nc1dental to the results. The only difference in positive~and negative-
potential decay characteristics between any of these Dlatcs and a normal-

run plate appeared in the CO-minute plate. Here, the negative dark-decay

BATTELLE MEI‘v..\RlAL INSTIT UTE
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rate was abnormally fast. This can be accounted for Br remémbéring that

u‘J'

negative décays becomé abnormally fast as the temperature of the plate

&nitérs the 70-75°G., Pange. Since thé sélenium structure is dependent not

only on temperatufe; but also the tire interval for which any temperature

1% maintained, the fast négative decay is explaineéd.

Investigation of Néw Materials for
- Electrophotographic. Plates

Twelve new materials were investigated for photoconductive
propertiés. These matérials were deposited in thin films on polished

brasg plates 'by vacuuf evaporation. Materials tested were: ‘germa'ni-um,,
tellurium, -arsenié, copper oxicde ,——c’ai_,_c':iiim sulfide, lead sulfide, bismuth
trisulfide, t:l.tanlum dioxide, d¢admium sulfide, barium titanate, tin
diselenide, sund &Fsenic pentoxide. Of this gr‘oup, only the last two, tin
diselenide and arsem.c pentoxide, would accept a riéasurable potential;

dark-decay rates for alil materlaL tested were very fast and & J:,' the

arsenic pentexide showed any light sensitivity.

PI_{QSPHOR%COATED LE TnOPHO 0GR, PHIC PLATES

}

Dy Reynolds -

In the experiments reported in thé last quarterly report, ‘the
experiment propose Kallmann was shown to be feasibls.: That is, a
zine sulfide pho snhor in a su.table binder jar'x 'be quenched (given a Very

high dark resistance) by heating, and then charged after light exposure

to a potential that depends on the exposurc. The charging process most

i
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suitable was found to be the cérona process. The potentials accepted .

after different exposure times were found to decreagé with time betiveen

fr— s o o

eXposure and ¢larginge.

xone of thé¢ main reagons for initiating the phosphor experiménts

.....

was the hope that a piate could be found tiiat would retain an image i@r

» long period -of time. Hence; it seeiiied d¢sirable t& try other phosphors
before conclu cinhg th&f the Kailmann method #r-charging afiter gx.dsure ==
was efféctively the same writh rﬁ"pﬂct te ina pcrmanenrc as the Carlsoi

s

nethod == cxwosure after charging —- previsusly used.

Electrical Characterlstﬂcs of Phosphor Plat

Influence of Light. on Decay Characterisitcs

Plates were made using a 2225 phosphor (manufactured by the New
Jerséy Zinec Company ). The bulk rnaterials of the phosphor are zinc

sulfide anc cadmium sulfide. The Uhosphor was mixed in a ong-to-onz ratio

b& %Qluﬁe: writh BE~996 silicone re51n, and the slirry sprayed onto
aluminum baéking plates.

The dark and light potential-decay characteristics of the plates
were détermined. Data from a represéentative plate are given in the
Table L2,

It is evident from the table that the¥e is a considerable
differential in chairge accepted by the 2225-phosphor plates depending
on the wavelength of light to which ghe platé is exposed previcus to

charging.
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POTENTIAL-DECAY DATA O PEOSPECR~CQATED
ELECTROPECTOGRAPHIC PLATES

N Biposure to L'Iax:v.mum -
Charging Infrared  Jixposure to Aecepted
Potentigl, Light. Visible Derk Decay Potential,

| Yolts.. . . HMinubes . . Light Vol¥s "Minutes . Volts .
+ 7000 10 = 25 &% 630
+ 7000 - Saturéted 95 4 432 —
~ 7060 10 - 20 4% 708
. 7000 - Satiirated 188 3 559 | _
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The main aim of thé éxperiment, howevér, wag to find whether the
datk decay, rather than charge agcepted, was influenced by the wave-
length of 1ight t6 which the plate is éxposed. The data show that thers
is little such effect, if any. Platés exposed t6 white 1ight tike less
poteritial; but have decsy characterisfigs véﬁy-s?milar £0 pl&%es

exposed only to infrared light. Figure 157 shows this effect

qualitatively. Plates exposed to eithes i.{raved or white it have

fairly rapid dark-decay rates at fifst, leveling off to extrérmely slow

-decay rates in less than five minuteg. The effcet is the same for both

positive and negative charging.

u*-ect of “epoatcd Cha ging

The question may be asked what the orizin of the photoelectric

cuiFrents in the electrophotojraphic.blate'may be, If the current és-due
to carriers from the sensitizing im?urity, it seems=tha£-they might
p@gsib;y be "used up" by sudcessive exposures after chafging, f@llowe&
by the usﬁal'diséhange peﬁigéw In such case, the speed of the plate .
oughtlﬁo decrease and the residual voltage to increase with successive
chairgings. ’

A phosphor plate was repeatedly -charged with the same polarity
and allowed tg-dischérgee .

Tt was found that, for both?pqsitiveIénd;ﬁ;gative.charging
polarities, ‘the initial accepted potgptial and the residual potcntia@

decreased with successive chargings. The initial and residual potentials

were restored to their original values by regeneration, i.e., by one

“Tn. .
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EXPOSED TO INFRARED ONLY
: .
EXPOSED TO WHITE LIGHT N
[
|
|

PLATE POTENTIAL , VOLTS

|
1

NOTE- PLATE CHARGED WITH T |
CORONA WIRE, + 7000 VOLTS, |
AFTER EXPOSURE |-

% 8. 6 12
AFTER CHARGING ; MINUTE

]

TanaArs
e

FIGURE I57. EFFECT OF INFRARED AND WHITE - LIGHT

r

COW

EXPOSURE ON POTENTIAL - DEGAY RATE
- FOR 2225 PHOSPHOR PLATE.
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charging with the opposite nolarity beford taling the néxt decay
curve. |
These results séem 1o show no exhaustion in the supply of
carrleru, if the number 6f carriérs affectsthe plate speeds
These Zzgg‘phosphor plates decay very rapidly in the light Whén-
used with the CaPlson method ~-charge before exposures. They are faster

thati a seleniwn plate whi:ch has average speed. Eleetrometer data show

the phosphor plates to be somewhat faster ishen charged negatively than

when charged positively, as shown in Figure 158. -

Pictures Liade with Phosphor Platés

f .
Pictures madec with these Dhosohor nlates by thé Carlson method

have fair contrast but still have cOnsidcrable grain. Out=door shots

indicate an effeciive speed of 4SA 25 or betbter. Pictures made usifig
the Xallmann method were someévhat better in -quality than by the Carlson
method ; bgt_the-s?eedfﬁas-COnsiderabiy less.
Iﬁcnures m&de~usiﬁg‘b§£h methdd$ viith qontéé% ekxposure are shown
in Figuré 159, A brush-type powder-cloud box was us sed, with the grid -

at ground potential..

TEffect of Pigment—to-Binder Ratios and.
Thlckncsq of the Actﬂve I,Vbr '

Experiments were performed to dctcr11ne the optimum thickness of
the active layer and also the optimum pizment-to-binder ratio. Thése
experiments were performed using & 2330 phosphior. The davta obiained on

the phosphor~to~binder ratio experi.ents are not efitircly significant;

p— S BATTELILE MEMORIAL INSTITUTE
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RELATIVE VALUES
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) - ' v . I
/NEGATIVE LIGHT | |

» i
o~ 0 et

E
|

POSITIVE LIGHT — z223% P‘f;'ﬁ'-;,s.@s..-“azaﬁ-‘_,-_;_'_,__:

NTIAL,

) 7000 VOLTS CHARGING
: Y e 60 VOLTS ON LIGHT
| S |
- - ok . e
3 =1
d i

<

<< i

. 3; BTt e s G —————— ——
TIME, MINUTES
FIGURE 158 LIGHT-DECAY RATES FOR POSITIVE AND NEGATIVE
| ' CHARGING OF A PHOSPHOR PLATE.
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as the thicimess of the films was not. uniforms lore closely controlled
experifents musd be carried oub before definite conclusions can be diazm, ;
- -== b but i was found that the tot tal potential accépted by the plate is |
L. f greatést for a one~to=two phosphor-to<binder ratic. The light-decay 1
s - . B
rate was much faster for this ratie tham for a one-to<one Batios - i
1 Both the initial accepted potential and the Light=decay hal-f‘%—‘-*:c-
| are roughly proportional. to thickness. )
j ) i o 7 _ . (i
[ T - NRLAPmOATE N &
P. G. Andrus '
- Point=Probe Electrometer’
A refined point=probe t\rpe of glectromcter as described on page
§ - = g
152 of Quarterly Pro"ros Report No. 5 has beehﬁéc')'nstruotéd_. The L
:i generagl degisn of the elechrometer is the same as described thore. i
Ho"-.jfév'_er , ‘the basie -c’zlec’c;‘r-'.“@ﬁé:t;e?'rf‘ uscd was a Lindemanp Rycrson Elec‘;tpémejt.gr_
manufactured by the Cambridge Instrument Géia‘p_aia& s New York, New York, I
I ‘The probe of tthis instruient was fitted i iith a 0:03-inch wire cxtension
| which projected into a 0.0l=nch ¥ hole in & ]_;va.-fcapac_,i_ty? jsf}iei@ing can .
\ ‘This 'cbmbinatj.on ¥as nounted on a microséope stage :m such- a wiy that the S
{: I end of the probé wire was about 1/32 inch. from the plate s'.l,ifri‘i'efu(;;je-; the ek
!F; POientlal of vihich was to bé measuréd. Under thcése ciréunistancés, by M
hpir"ope_r adjustment of the sensitivity of ohe_ .éi-fé'cf:%fc”)“'et,ei‘, It was possible |
to measure pétentials to an accuragy of botter than 5 v6lts. The. plaﬂte
- i e
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